













































3ELECTIVE  CATALYTIC  REDUCTION OF ./ BY  HYDROCARBONS  IN  THE 
PRESENCE  OF  EXCESS  OXYGEN  (#3#2	  IS  CONSIDERED  AS  A 
POTENTIALLY  PROMISING WAY  TO  REMOVE ./X  FROM AUTOMOBILE 
EXHAUST !MONG THE VARIOUS CATALYSTS INVESTIGATED SUPPORTED 





TO  A  GREENHOUSE  EFFECT  #ONSEQUENTLY  MUCH  WORK  HAS 






HIGH  ACTIVITIES  AT  LOW  TEMPERATURES  IN  PARTICULAR  FOR  #/ 
OXIDATION 	 7E BELIEVE THAT SUCH A UNIQUE FEATURE OF GOLD 
CATALYSTS  HAS  A  CLOSE  RELATIONSHIP WITH  THE WEAK  ADSORPTION 
OF MOST REACTANT MOLECULES ON GOLD NANOPARTICLES !NOTHER 
ADVANTAGE THAT THE USE OF GOLD CATALYSTS OFFER COMPARED TO 
0T  CATALYSTS  IS  THE  LOWER  COST  AND  GREATER  PRICE  STABILITY  OF 
GOLD WHICH IS  IMPORTANT IN THEIR APPLICATION FOR AUTOMOBILE 
EMISSION  CONTROL  (OWEVER  IN  CONTRAST WITH  THE  EXTENSIVELY 
STUDIED  LOWTEMPERATURE  #/  OXIDATION  ./  REDUCTION 
WITH  HYDROCARBONS  UNDER  AN  OXYGENRICH  ATMOSPHERE  HAS 
BEEN  LESS  STUDIED  OVER  NANOGOLD  CATALYSTS  ALTHOUGH  OXIDE 
SUPPORTED  GOLD  NANOPARTICLES  HAVE  BEEN  FOUND  TO  GIVE 
GOOD CATALYTIC PERFORMANCES AT BOTH HIGH AND RELATIVELY LOW 
TEMPERATURE 	 !MONG THE VARIOUS CATALYSTS INVESTIGATED 
!U:N/  PREPARED  BY  COPRECIPITATION  HAS  SHOWN  THE  BEST 











IN  THE  STABILIZATION OF  THE ALUMINA  SUPPORT  AGAINST  THERMAL 
SINTERING 	 /N THE OTHER HAND THE ADDITION OF CERIA TO 
ALUMINA  INDUCES A MODI½CATION OF THE ELECTRONIC DENSITY OF 
THE ALUMINIUM CATIONS  IMPLYING A CHANGE  IN  THE ACIDBASE 
PROPERTIES OF THE SUPPORT SURFACE 	  )N ADDITION THE WELL 
ESTABLISHED  CATALYTIC  AND  REDOX  PROPERTIES  OF  THE  #E#E 









#ATALYTIC  ACTIVITY  MEASUREMENTS  WERE  CARRIED  OUT  USING 
A  ½XEDBED  ¾OW  REACTOR  !  REACTANT  GAS  MIXTURE 
CONTAINING PPM ./ PPM #( /  OR (/ 
AND  OR PPM 3/ IN HELIUM PASSED THROUGH G CATALYST 







AND "%4  SURFACE AREAS OF  THE CATALYST  SAMPLES 7E NOTICED 
THAT  THE  ACTUAL  GOLD  CONTENTS  IN  THE  FOUR  CATALYST  SAMPLES 
ARE ALL FAR LOWER THAN THE DESIRED VALUE  WT	 INDICATING 






IS  IN  DIRECT  CONTACT  WITH  ALUMINA  CERIUMOXYGEN  BONDS 











&OR  THE  !U#E/  A  VERY  WEAK  AND  BROAD  PEAK  AT  
O 
DUE  TO  CRYSTALLINE GOLD  CAN BE OBSERVED  IN  ADDITION  TO  THE 







(#3#2  REACTION  7E  ½RSTLY  PREPARED  FOUR  GOLDCONTAINING 
CATALYSTS  !U#E/  !U!L/  !U#E/!L/  AND  !U









4HE  STARTING  I!L/  POWDER  WAS  MADE  IN  OUR  LABORATORY 
AND  HAD  A  "%4  SURFACE  AREA  OF  MG  #E/  POWDER 
WAS  OBTAINED  BY  THERMAL  DECOMPOSITION  OF  CEROUS  NITRATE 
AT  O#  IN  THE  AIR  FOR  H  GIVING  A  "%4  SURFACE  AREA  OF 
MG  4HE  COMPOSITE  SUPPORT  #E/!L/  WITH  VARIOUS 
#E/  LOADINGS  WAS  PREPARED  BY  IMPREGNATION  OF  THE 
I!L/ WITH AN AQUEOUS SOLUTION OF CEROUS NITRATE &OLLOWING 
IMPREGNATION THE SAMPLE WAS DRIED AT O# FOR H AND THEN 
CALCINED  IN  AIR  AT  O#  FOR  H  'OLDCONTAINING  CATALYSTS 
WERE PREPARED BY DEPOSITIONPRECIPITATION   !N APPROPRIATE 





RESULTING MIXTURE WAS  CONTINUOUSLY  STIRRED  AT  O#  FOR  H 








































&IGURE    SHOWS  THE  (24%-  IMAGES  OF  THE  !U!L/  AND 
THE  !U#E/!L/  &ROM  &IGURE  !  WE  CAN  SEE  THAT 











THE  (24%-  IMAGE  &IGURE  "	  OF  !U#E/!L/ 










IS MAINLY  COMPOSED OF GOLD AND CERIA  )N  FACT  EXAMINATION 
ON VARIOUS PARTS OF THE IMAGE WITH %$8 REVEALED THAT GOLD IS 








(402  PRO½LES  OF  THE  !U#E/  !U!L/  !U#E/!L/ 
AND !U#E/!L/ ARE ILLUSTRATED IN &IGURE  AND THOSE 
OF  THE  CORRESPONDING  SUPPORTS  ARE  SHOWN  IN  &IGURE    4HE 
402  PRO½LE  OF  PURE  #E/  &IGURE  !	 CONTAINS  TWO  PEAKS  A 
LOW  TEMPERATURE  ,4	  PEAK  AT  4MAX  
O#  ASSIGNED  TO  THE 
REDUCTION  OF  SURFACE  #E/  AND  A  HIGH  TEMPERATURE  (4	 
PEAK AT 4MAX
O# DUE TO THE REDUCTION OF BULK CERIA  	 



























































































BE  ASCRIBED  TO  THE  REDUCTION  OF  !UJ  TO  !U  TOGETHER WITH 
THE  REDUCTION  OF  SURFACE  CERIA  	  &OR  THE  OTHER  TWO 
!U#E/!L/ CATALYSTS  THE REDUCTION PEAKS OF !U
J  TO !U 
AS WELL  AS  THE  REDUCTION OF  SURFACE  CERIA  ARE  ALSO OBSERVED 
AT  ^
O#  $IFFERENT  FROM  THE  !U#E/!L/  CATALYSTS 
WHEN  !U  WAS  DEPOSITED  ONTO  THE  PURE  !L/  SUPPORT  NO 
REDUCTION PEAKS CAN BE OBSERVED ON THE !U!L/ WITHIN THE 
WHOLE INVESTIGATED TEMPERATURE RANGE &IGURE $	 INDICATING 
THE  METALLIC  STATE  OF  !U  4HE  PRESENCE  OF  !UJ  ON  THE 
#E/CONTAINING  SUPPORT  RE¾ECTS  THE  STRONG  INTERACTION 
BETWEEN GOLD AND CERIA  )T HAS BEEN REPORTED THAT THE HIGH 
ACTIVITY  OF  !U#E/!L/  CATALYSTS MIGHT  BE  RELATED  TO  THE 














HIGH  SELECTIVITY  TO  ./  &OR  EXAMPLE  THE  MAXIMUM  ./ 
CONVERSION TO . WAS ONLY  AT 
O# WHILE THE CONVERSION 
TO  ./  REACHED    AT  
  O#  )N  CONTRAST  THE  CATALYTIC 
PERFORMANCE OF  !U!L/  IS  VERY  DIFFERENT  FROM  THAT  OF  !U
#E/ ./ CONVERSION TO . WAS AT THE HIGHEST VALUE OF  
AT    O#  ON  THE  !U!L/  WHILE  ONLY  A  SMALL  AMOUNT  OF 
./   	 WAS PRODUCED AT  LOW  TEMPERATURES   
 O#	 
$IFFERENT FROM EITHER !U#E/ OR !U!L/ WHEN #E/!L/ 












#ONSEQUENTLY  A  SIGNI½CANT  PROPORTION  OF  THE  ./ 
FORMED  ON  THE  !U#E/  SAMPLE  MAY  BE  RELATED  TO  THE 
OXYGEN  VACANCIES  IN  THE  #E/  SUPPORT  BUT  WITH  !U!L/ 
THE  FORMATION OF ./ MAY  FOLLOW  A DIFFERENT  PATH WHERE  A 
DISSOCIATIVE  ADSORPTION  OF  ./  ON  GOLD  PARTICLES  IS  INVOLVED 










































































































AT    O#  OVER  THE  !U!L/  #OMPARING  &IGURE  !  WITH 
&IGURE # IT CAN BE SEEN THAT THE MAXIMUM ./ CONVERSIONS 
ARE  ALWAYS  ASSOCIATED  WITH  THE  COMPLETE  CONVERSION  OF 
#( )N AGREEMENT WITH OUR OBSERVATIONS 'LUHOI ET AL ALSO 







!DDITIONALLY  WITH  A  DIFFERENCE  IN  THE  CERIA  CONTENT  THE 
CATALYTIC  ACTIVITY  DIFFERS  SLIGHTLY  4HE  SAMPLE  WITH  LARGER 





&ROM  &IGURE    WE  CAN  SEE  THAT  AFTER  A  MINRUN  THE 
./  CONVERSION  ONLY  SLIGHTLY  DROPPED  FROM    TO   




IN  AUTOMOTIVE  EMISSIONS  )T  WAS  THEREFORE  IMPORTANT  TO 
INVESTIGATE THE EFFECT OF THESE TWO COMPONENTS IN THE FEED 






IN  THE  LOW  TEMPERATURE  RANGE  O#	 WERE  ENHANCED 



















CATALYSTS  TO 3/ PRESENCE  IN  THE  FEED DEPENDS ON THE TYPE 
AND OXIDATION STATE OF THE DEPOSITED METAL AND THE NATURE 
OF  THE  SUPPORT  	  )N  THE  CASE  OF  !U#E/!L/  THE 
ENHANCED ACTIVITY AND SELECTIVITY OBTAINED BY THE ADDITION OF 
3/ MAY BE CAUSED BY THE SELECTIVE OR PREFERENTIAL POISONING 
OF  ACTIVE  SITES  FOR  #(  COMBUSTION  4HIS  RESULT  PROVIDES 






































































































AMOUNT  OF  ./  ABOUT  	  WAS  FORMED  UNDER  SIMILAR 
CONDITIONS 3UCH A HIGH CATALYTIC ACTIVITY AND SELECTIVITY TO . 
COMBINED WITH  THE EXCELLENT  RESISTANCE  TO POISON BY WATER 





#E/!L/  COMPOSITE  SUPPORT  (24%-%$8  MEASUREMENTS 
INDICATED  THAT  GOLD  WAS  PREFERENTIALLY  DEPOSITED  ONTO  THE 
CERIA PARTICLES DUE TO THE IMPROVED INTERACTION BETWEEN GOLD 




CANDIDATE  FOR  SOLVING  ³COLDSTART´  PROBLEMS  IN  AUTOMOBILE 
EMISSION CONTROL
!CKNOWLEDGEMENTS




0ROFESSOR  4AO  :HANG  IS  THE  $IRECTOR 
OF  $ALIAN  )NSTITUTE  OF  #HEMICAL  0HYSICS 
#HINESE !CADEMY OF 3CIENCES (IS RESEARCH 
INTERESTS  ARE  IN  HETEROGENEOUS  CATALYSIS 
PARTICULARLY IN ENVIRONMENTAL CATALYSIS 
2EFERENCES
     ! /BUCHI ! /HI - .AKAMURA ! /GATA + -IZUNO AND ( /HUCHI 
!PPL #ATAL "   
    2 "URCH AND 4# 7ATLING !PPL #ATAL "   
     0 $ENTON ! 'IROIR&ENDLER ( 0RALIAUD AND - 0RIMET * #ATAL  
 
     % 3EKER AND % 'ULARI * #ATAL   
     2 "URCH AND $ /TTERY !PPL #ATAL "   
     - (ARUTA . 9AMADA 4 +OBAYASHI AND 3 )IJIMA * #ATAL   
     ! 5EDA 4 /SHIMA AND - (ARUTA !PPL #ATAL "   
     ! 5EDA AND - (ARUTA 'OLD "ULL  
     ! 4ROVARELLI #ATAL 2EV 3CI %NG   
    2 $ICTOR AND 3 2OBERTS * 0HYS #HEM   
    ! -ARTINEZ!RIAS - &ERNfNDEZ'ARCqA ,. 3ALAMANCA 28 6ALENZUELA 
*# #ONESA AND * 3ORIA * 0HYS #HEM "   
    -! #ENTENO 0 -ALET ) #ARRIZOSA AND *! /DRIOZOLA * 0HYS #HEM " 
  
    -! #ENTENO #0ORTALES ) #ARRIZOSA AND *! /DRIOZOLA #ATAL ,ETT 
  
    -! #ENTENO -0AULIS - -ONTES AND *! /DRIOZOLA !PPL #ATAL! 
  
    * 3ORIA *- #ORONADO AND *# #ONESA * #HEM 3OC &ARADAY 4RANS 
  
    #-ORTERRA 6"OLIS AND '-AGNACCA * #HEM 3OC &ARADAY 4RANS 
  
    : 9AN 3 #HINTA !! -OHAMED * 0 &ACKLER *R AND $7 'OODMAN  
* !M #HEM 3OC   
    #+ #OSTELLO -# +UNG (3 /H 9 7ANG AND (( +UNG !PPL #ATAL 
!   
    39 ,AI 9 1IU AND 3 7ANG * #ATAL   
    (# 9AO AND 9& 9AO * #ATAL  
    * 'UZMAN 3 #ARRETTIN AND ! #ORMA * !M #HEM 3OC   

    0 #ONCEPCIvN 3 #ARRETTIN AND ! #ORMA !PPL #ATAL !   
    # -ILONE - &AZIO ! 0ISTONE AND 3 'ALVAGNO !PPL #ATAL "   

    3 3CIRE 3 -INICO # #RISAFULLI # 3ATRIANO AND ! 0ISTONE !PPL #ATAL " 
  
    ! -ARTINEZ!RIAS * 3ORIA *# #ONESA 8, 3EOAN ! !RCOYA AND 2 
#ATALUNA * #HEM 3OC  &ARADAY 4RANS   
    "+ #HO "( 3HANKS AND *% "AILEY *#ATAL   
    2 "URCH 0* -ILLINGTON AND !0 7ALKER !PPL#ATAL"   
    !# 'LUHOI . "OGDANCHIKOVA AND "% .IEUWENHUYS *#ATAL  
 
    (3 /H #+ #OSTELLO # #HEUNG (( +UNG AND -# +UNG 3TUD 3URF 
3CI #ATAL   
    %! %FTHIMIADIS '$ ,IONTA 3# #HRISTOFOROU AND )! 6ASALOS #ATAL
4ODAY   
    ' :HANG 4 9AMAGUCHI ( +AWAKAMI AND 4 3UZUKI  !PPL #ATAL " 
  ,
